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BACKGROUND 

The present invention relates generally to spacecraft, and more specifically, to a 
spacecraft radiator system comprising a cross-coupled deployable thermal radiators and 
spacecraft heat dissipation method. 

The a ssignee of the present invention manufactures and deploys spacecraft into 

geosynchronous and low earth orbits. Such spacecraft use a radiator systenfto 
dissipate heat. The radiator system transfers thermal energy to radiator panels where it 
is radiated into space. 

A spacecraft radiator system previously developed by the assignee of the present 
invention uses deployable thermal radiators currently couples a north facing payload 
radiator to a north facing deployable thermal radiator and a south facing payload 
radiator to a south facing deployable thermal radiator. 

Thermal coupling of fixed radiator systems is disclosed in U.S. Patent 
Application Serial No. 09/377,442, filed August 19, 1999, entitled "Spacecraft Radiator 
System Using Crossing Heat Pipes", assigned to the assignee of the present invention, 
and US Patent No. 3,749,156 issued to Fletcher et al. entitled "Thermal Control System 
for a Spacecraft Modular Housing". The teachings of this patent which would 
accomplish nearly the same thing but in a different manner as the present invention, but 
results in lower performance. 

The prior art discusses coupling of fixed radiator systems, no prior art discusses 
deployable systems. Prior art uses fixed conductance conventional heat pipes to couple 


the fixed radiators, this invention uses flexible loop heat pipes to couple the fixed 
radiator to a deployable radiator. In the prior art, the solar load is incident on the fixed 
radiator and coupling the panels shares the solar load, whereas, this design inherently 
minimizes the solar load to the system. 
5 Accordingly, it is an objective of the present invention to provide for heat 

dissipating apparatus comprising a spacecraft radiator system comprising a cross- 
coupled deployable thermal radiators and a spacecraft heat dissipation method. 

SUMMARY OF THE INVENTION 

10 To accomplish the above and other objectives, the present invention provides for 

a spacecraft radiator system that thermally couples a north facing pay load radiator to a 
south facing deployable radiator and the south facing payload radiator to the north 
facing deployable radiator. A spacecraft heat dissipation method is also provided. 
The north facing payload radiator and the south facing deployable radiator 
ft' 15 therefore act in tandem and the south facing payload radiator and the north facing 
hi deployable radiator also act in tandem to dissipate heat generated on the spacecraft. By 

/j. cross-coupling the radiators in accordance with the teachings of the present invention, 

T one of the two radiators acting in tandem is always in the shade during solstice seasons. 

By thermally cross-coupling the radiators, the solar load processed by the radiator 
20 system is minimized, thereby increasing the thermal dissipation capability of the radiator 

- — system_by_approxim^JyJ^^compared to conventional systems. 

The present invention comprises a spacecraft having a plurality of pay load" - 
radiators, which are typically disposed on north and south sides of the spacecraft and a 
plurality of deployable radiators generally facing north and south. The deployable 
25 radiators are thermally coupled to the payload radiators using one or more coupling heat 
pipes, which are preferably loop heat pipes. Each payload radiator is coupled to the 
deployable radiator on the opposite side of the spacecraft. For example, the one or more 
coupling or loop heat pipes for the north deployable radiator are coupled to the south 
payload radiator and the one or more coupling or loop heat pipes for the south 
30 deployable radiator are coupled to the north payload radiator. 

The prior art has coupled fixed radiators together, and would nearly achieve the 
same result as the present invention but with significantly lower efficiency and 
performance. If the deployable radiators were coupled to the payload radiator on the 
same side of the spacecraft and the payload radiators were thermally coupled, there 
35 would be substantially the same improvement in system performance as in the present 
invention. However, there would one additional thermal interface compared to directly 
coupling the payload and deployable radiators in the manner provided by the present 
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invention. The performance improvement achieved by directly coupling the payload and 
deployable radiators is roughly 5% compared to 15% using the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of the present invention may be more read- 
ily understood with reference to the following detailed description taken in conjunction 
with the accompanying drawing, wherein like reference numerals designate like 
structural elements, and in which: 

Fig. 1 illustrates a spacecraft employing an exemplary spacecraft radiator system 
in accordance with the principles of the present invention; 

Fig. 2 illustrates a south side view of the spacecraft and exemplary spacecraft 
radiator system shown in Fig. 1 ; 

Fig. 3 illustrates a east side view of the spacecraft and exemplary spacecraft 
radiator system shown in Fig. 1 ; and 

Fig. 4 is a flow diagram that illustrates an exemplary spacecraft heat dissipation 
method in accordance with the principles of the present invention. 

DETAILED DESCRIPTION 

Referring to the drawing figures, Fig. 1 illustrates a spacecraft 10 employing an 
exemplary spacecraft radiator system 20 in accordance with the principles of the present 
invention. Figs^2_and_3 illustrate south and east side views, respectively, of the 
spacecraft 10 and exemplary spacecraft radiator system 20 shown in Fig. 1 

The spacecraft 10 illustrated in Fig. 1 comprises a body 1 1 to which a plurality 
of solar arrays 12 are coupled. A plurality of antennas 13 are disposed on various faces 
of the body 11. The spacecraft 10 has a plurality of payload radiators 21-24, which in 
the exemplary embodiment comprise a north facing payload radiator 21, a south facing 
payload radiator 22, a north facing deployable radiator 23, and a south facing 
deployable radiator 24. 

The north facing payload radiator 21 is thermally coupled to the south facing 
deployable radiator 24 by means of one or more coupling heat pipes 25, which are 
preferably loop heat pipes 25. Similarly, the south facing payload radiator 22 is 
thermally coupled to the north facing deployable radiator 23 by means of one or more 
coupling or loop heat pipes 25. The one or more coupling or loop heat pipes 25 extend 
across an aft deck 14 of the body 1 1 of the spacecraft 10 to connect or cross-couple the 
north facing payload radiator 21 to the south facing deployable radiator 24, and to 
connect or cross-couple the south facing payload radiator 22 to the north facing 


deployable radiator 23. Thus, each payload radiator 21, 24 is coupled to the associated 
deploy able radiator 22, 23 on the opposite side of the spacecraft 10. 

In accordance with the present invention, the north facing payload radiator 21 
and the south facing deployable radiator 24 act in tandem, and the south facing payload 
radiator 22 and the north facing deployable radiator 23 also act in tandem to dissipate 
heat generated on the spacecraft 10. By cross-coupling the radiators 21-24 using the 
teachings of the present invention, one of the two radiators (radiators 21, 24 or radiators 
22, 23) that act in tandem is always in the shade during solstice seasons. By thermally 
cross-coupling the radiators 21-24, the amount of solar load processed by the radiator 
system 20 is minimized. This cross-coupling of the radiators 21-24 increases the 
thermal dissipation capability of the radiator system 20 by approximately 15% 
compared to conventional systems. 

Fig. 4 is a flow diagram that illustrates an exemplary spacecraft heat dissipation 
method 30 in accordance with the principles of the present invention. The exemplary 
spacecraft heat dissipation method 30 comprises the following steps. 

A spacecraft 10 is configured 31 to have a body 1 1, a plurality of solar arrays 
12, first and second opposite facing payload radiators 21, 22, first and second opposite 
facing deployable radiators 23, 24, and coupling or loop heat pipes 25 cross coupling 
opposite facing payload and deployable radiators. The spacecraft 10 is launched 32 
into orbit. In orbit, heat coupled to the respective payload radiators 21, 22 is cross 
coupled 33 to the opposite facing deployable radiator 23, 24. 

Thus7a spacecraffradiator system comprisinga~cfoss-coupled deployable ~~ 
thermal radiators and spacecraft heat dissipation method have been disclosed. It is to be 
understood that the above-described embodiments are merely illustrative of some of the 
many specific embodiments that represent applications of the principles of the present 
invention. Clearly, numerous and other arrangements can be readily devised by those 
skilled in the art without departing from the scope of the invention. 


